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Abstract 
In order to reduce Construction & Demolition (C&D) waste and prolong the landfill life in Hong Kong, a Construction Waste 
Disposal Charging Scheme (CWDCS) has been introduced since December 2005 by the government. This paper aims to establish 
a framework for assessing the eco-efficiency of C&D waste management performance through eco-efficiency indicators, based on 
the particular practice of Hong Kong. A comparison of waste management performance before and after implementation of the 
CWDCS was conducted based on the eco-efficiency framework proposed. It is found that the eco-efficiency of C&D waste 
management in Hong Kong becomes better under implementation of the CWDCS. Suggestions were also presented to enhance the 
sustainability of C&D waste management in Hong Kong. 
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1. Introduction 
C&D waste accounts up to 40% of the waste received at landfill in Hong Kong1. In recent years, the city is running 
out of both reclamation sites and landfill space. To address the C&D waste problems, the government has issued a 
series of regulations. For instance, a Construction Waste Disposal Charging Scheme (CWDCS) which regulates the 
charge fee of disposing of wasted materials was implemented in 2005, in order to reduce waste generation and prolong 
the landfill. 
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Until now the CWDCS has been implemented for about ten years. It is unclear whether this policy has improved 
the eco-efficiency of C&D waste management in Hong Kong as a whole. This paper thus aims to develop a conceptual 
model for assessing the sustainability of C&D waste management performance using eco-efficiency indicators. 
Suggestions for improving the sustainability of C&D waste management in Hong Kong are provided as well. 
2. The Eco-efficiency approach 
Eco-efficiency is an instrument for sustainable analysis, which indicates the relation between environmental cost 
or value and environmental impact2. The most popular concept is defined as: “…is achieved by the delivery of 
competitively priced goods and services that satisfy human needs and bring quality of life, while progressively 
reducing ecological impacts and resource intensity throughout the lifecycle to a level at least in line with the earth’s 
estimated carrying capacity”3. It is often expressed as3: 
Product or service value
Eco-efficiency=
Environmental influence                                                                                                          (1) 
 
It is clear eco-efficiency is a ratio of an output divided by an input: the “output” being the value of products and 
services produced by a sector, while the “input” being the sum of environmental influence generated by the sector4. 
Eco-efficiency can be applied at three levels: company and organization level, industry level, and national or 
supranational level. Huppes and Braune5 discussed a framework to quantify eco-efficiency in micro level of 
technologies and macro level of society. Maxime et al. developed a set of eco-efficiency indicators for food and 
beverage industry in Canada6.  
3. Eco-efficiency of C&D waste management 
In line with the principle of Eco-efficiency, this study proposes an eco-efficiency framework for C&D waste 
management. The framework is called environmental cost-efficiency, which is represented as the ratio of net 
environmental benefits to the difference in costs. The eco-efficiency of C&D waste management can be calculated in 
line with the following formula: 
Environmental improvement/impact reduction
Eco-efficiency=
C&D waste management cost                                                                    (2) 
To improve the eco-efficiency of C&D waste management, its impact on environment should be minimized and 
related cost in the lifecycle of waste management be reduced. If eco-efficiency is to become a useful tool for 
determining choice, it must be coupled with other indicators and tools to identify the numerical values of numerator 
and denominator7. The most prominent lifecycle method currently used is the lifecycle assessment (LCA), according 
to ISO 14040. For eco-efficiency analysis, LCA can be combined with approaches such as lifecycle costing (LCC) or 
total cost of ownership5. This study adopts these two methods to examine the environmental impact reduction and 
C&D waste management cost. 
3.1. C&D Waste Management Cost  
C&D waste management cost includes the direct and indirect cost of the entire waste management process from 
waste generation to final disposal8. In line with the process, the cost of managing C&D waste can be related to five 
cost centers or service categories: waste control, collection, transportation, recycling or reuse, and disposal. Each of 
them is discussed as follows:  
z Cost of waste control, Cct, is the cost happened in waste control system of construction or demolition process. It 
includes the costs of waste control system implementation, operation, and maintenance.  
z Cost of waste collection, Ccl, contains on-site sorting cost and other costs during the period from C&D waste 
generation to off the construction site.  
z Cost of waste transportation, Ct, is the cost to transport C&D waste from construction site to the landfill sites or 
public fill sites or other sorting facilities in Hong Kong. 
z Cost of waste recycling and reuse, Crr, is the cost emerged in recycling or reuse process. When calculate this 
parameter, the benefit from sale of recycled materials should be considered. So the cost of waste recycling and 
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reuse equal the cost of operation in recycling or reuse process minus the benefit from recycled or reused materials. 
Sometimes the result maybe a negative, it means there is profit in this process.  
z Cost of waste disposal, Cd, is the cost of landfill, because it is the unique path to dispose the C&D waste in Hong 
Kong. The total cost of C&D waste management is: 
Total cost=C C C C Cct cl t rr d                                                                                                                 (3) 
All the elements costs above can be calculated through the Full Cost Accounting (FCA) theory. The inventory of 
the FCA for waste management is listed as follow, and each element cost can be calculated through the inventory 
involved in each activity, including:  
z labor costs (wages, salaries, and employee benefit),  
z equipment operation and maintenance,  
z power and fuel,  
z cost of policy (taxes, levies, penalties),  
z depreciation of large capital (vehicles, equipment, buildings, landfills),  
z amortization of future outlays, and  
z overhead cost share. 
3.2. Environmental impact of C&D waste management 
The most important environmental issue with regard to waste management is the emission during the process. 
These emissions consist of air emission from waste transportation, landfill gas emission, and fluid leachate from 
landfill. The environmental impact of waste management varies from different treatment methods. LCA is employed 
to examine the environmental aspects and potential impact throughout a product’s lifecycle. LCA consists of four 
phases: goal and scope definition, lifecycle inventory, lifecycle impact assessment, and the interpretation phase. LCA 
provides an analytic approach to investigate environmental impacts of C&D waste management.  
According to the lifecycle characteristics of waste management, Vogtlander et al. classified environmental impacts 
into seven categories and gave emissions’ “virtual cost” of each group9 (see Table 1). This “virtual cost” can be 
estimated as prevention cost. However, this calculation standard is developed in Netherlands. The standard will be 
adopted in this study. 
Table 1. Marginal prevention costs (Netherlands) 
Categories of emissions Prevention costs of emissions 
Global warming (CO2 equivalent) 0.114 Euro/kg 
Acidification (SOX equivalent) 6.40 Euro/kg 
Eutrophication (phosphate equivalent) 3.05 Euro/kg 
Heavy metal (calculation based on Zn) 680 Euro/kg 
Summer smog (based on VOC) 12.3 Euro/kg 
Winter smog (based on fine dust) 50.0 Euro/kg 
Carcinogenic (PAH equivalent) 12.3 Euro/kg 
In theory, we can calculate the environmental impact and represent it in the form of money in line with the above 
approach. In order to define the extent improvement or environmental impact reduction, the boundary of C&D waste 
management is developed. Besides, because emissions from landfills may prevail for a very long period, often decades 
of years or longer10, a long period should be considered when calculating the environmental parameters. 
4. Eco-efficiency assessment of C&D waste management 
Because of lack of data for calculating value of all the indicators, it is difficult to define each indicator of the whole 
region (Hong Kong), especially for environmental improvement. This paper proposed a Relative Eco-Efficiency (REE) 
to assess the eco-efficiency of different waste management activities, technologies, and policies. 
In Fig.1, the X-axis represents the C&D waste management cost, and the Y-axis represents the environmental 
impact during the waste management process. In assessing different waste management alternatives, we select one as 
criteria, and assume the values both for the environmental impact and waste management cost of this method are 1, 
so the EE of this method equals 1. Under this assumption, the point (0, 0) is an ideal point, as in this point there is no 
environmental impact and zero cost. 
In order to achieve a higher eco-efficiency compared to the assumed criteria, one should move into the direction 
of the left and below in this graph (a “minus” for environmental impact and a “minus” for waste management cost), 
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which is a win-win situation. Besides this direction, the opposite direction (plus, plus) should be avoid and the (minus, 
plus) and (plus, minus) should be balanced. 
On a more general level, assume one unit of cost buys one unit environmental impact reduction and both 
environmental burden and waste management cost have the same weights, the relative eco-efficiency in this study can 
be defined as: REEAB= relative environmental impact + relative waste management cost = EA/EB+CA/CB. In this 
equation, “B” method is the selected criteria, and “EA” is environmental impact of “A” method, “EB” is environmental 
impact of “B” method, “CA” is waste management cost of “A” method, “CB” is waste management cost of “B” 
method. Although we can not calculate the value of EA, EB, CA and CB, it is easier for us to understand the variation 
trend of the relative indicators. When doing an assessment, compare the Relative EE with the selected criteria, several 
alternatives can be assessed at one time. According to above analysis, a lower relative EE indicates a better eco-
efficiency. The condition for a better eco-efficiency is REEAB < REEBB, viz. EA/EB+CA/CB < 2.  
According to this condition, we can see from Fig.1 that the point B is the basic criteria, point A which is in the 
win-win situation is a better option, while point C is a worse one. For the point D (ED/EB + CD/CB=2), it places on 
a 45 angle degrees slope and has the same eco-efficiency with point B. However it should be mentioned that there is 
large room for flexibility; when the decision makers consider environment to be more important than cost, the point 
B with lower environmental burden would be preferable to the point D. 
 
Figure 1. The REE Coordinates 
5. An example of assessing the CWDCS in Hong Kong 
In line with the CWDCS, disposal of C&D waste would be charged (Table 2). According to Table 2 and 3, it is 
found that C&D waste management has an increasingly improvement, the total quantity of C&D waste from 2006 to 
2008 is nearly half of it produced from 2003-2005. The quantity of disposal of in landfills also has a great reduction 
after the Charge Scheme. The environmental impact is emission from the process, which is relative with the quantity 
of waste disposed. So the environmental impact after 2006 is dramatically smaller than it before. 
Table 2. Charge of difference waste disposal facilities in Hong Kong 
Waste disposal facilities Type of construction waste accepted 
Fee 
(HK$/ton) 
Public fill reception facilities Consisting entirely of inert construction waste 27 
Sorting facilities More  than 50% by weight of inert waste 100 
Landfills More than 50% by weight of inert waste 125 
Outlying Island Transfer Facilities Containing any percentage of inert waste 125 
According to the REE, it is calculated that E06-08/E04-05<<1. The annual cost of C&D waste management contains 
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five parts. Ccl, Ct, Crr, and Cd are reduced for they are related to the waste quantity. Because the total amount of C&D 
waste is reduction, much more effort has been given in waste control phase. Cost in waste control phase, Cc, has an 
increase after the Charging Scheme was conducted. Waste control cost is difficult to calculate separate from the on-
site project organization, which is related to implementation of new material and technologies and workers’ skill. The 
main work in waste control phase is to develop and implement a detailed Waste Management Plan (WMP). Here, Cc 
could be considered as the cost of this task. At the early stage of implementing a new WMP, the Cc will increase. With 
the improvement of on-site workers’ skill level, this cost will come down. From a long period perspective (one year), 
this Cc is a slight increase. Because this evaluation is conducted to the industry in the government aspect, the charging 
fee charged by government is not included in the total cost. So the change of the total waste manage cost is: C= Cct↑+ 
Ccl↓+Ct↓↓+Crr↓↓+Cd↓↓. So the total cost is also reduced in 2006-2008, viz. C06-08/C03-05 < 1, the Relative EE 
during 2006-2008 is a win-win situation with respect to 2003-2005, and E06-08/E03-05+ C06-08/C05-05 < 2. Now 
it is concluded that the eco-efficiency of C&D waste management in Hong Kong becomes better under implementation 
of the CWDCS. 
Table 3. Disposal of C&D waste by destination in during 2004 and 2008 (Source: EPD) 
C&D waste disposal 2003 2004 2005 2006 2007 2008 
Landfills (tpd) 6728 6595 6556 4125 3158 3092 
Public fill reception facilities (tpd) 44982 49398 52211 25759 19945 24918 
Total (tpd) 51710 55993 58767 29884 23103 28010 
6. Conclusions 
In order to reduce C&D waste generation and reduce waste disposed of and improve environment, the government 
issued a CWDCS in Hong Kong to charge for C&D waste disposal from December 2005. This paper developed a REE 
method for assessing the eco-efficiency of C&D waste management in Hong Kong. Assessment of the CWDCS is 
taking as an example for discussion. The findings suggest the eco-efficiency of C&D waste management in Hong 
Kong after implementing the CWDCS is better than without the scheme. Future study could be conducted to consider 
different weights of cost and environment dimensions in evaluating the REE. 
Acknowledgement 
This study was supported by the NSFC (71203184, 71573216), the Sichuan Science and Technology Program 
(2014ZR0082), the Sichuan Province Cyclic Economy Research Center (XHJJ-1503) and the Fundamental Research 
Funds for the Central Universities (SWJTU12CX115). 
References 
1. Hao, J., Hills, M., Huang, T. A simulation model using system dynamic for C&D waste management in Hong Kong. Construction Innovation, 
2007, 7(1): 7-22. 
2.  Huppes, G., Ishikawa, M. Eco-efficiency and its terminology. Journal of Industrial Ecology, 2005, 9(4): 43-46. 
3.  WBCSD. Achieving eco-efficiency in business. Report of the WBSCD, 2nd Antwerp Eco-efficiency Workshop, 1995, 14-15 March, Geneva. 
4.  OECD. Eco-efficiency. OECD Publications, 1998, France. 
5.  Gabriel, R., Braune, A. Eco-efficiency analysis: applications and user contacts. Journal of Industrial Ecology, 2005, 9(4): 19-21. 
6.  Maxime, D., Marcotte, M., Arcand, Y. Development of eco-efficiency indicators for the Canadian food and beverage industry. Journal of 
Cleaner Production, 2006, 16: 636-648. 
7.  Ehrenfeld, J.N. Eco-efficiency philosophy, theory, and tools. Journal of Industrial Ecology, 2005, 9(4): 6-8. 
8.  Yahya, K., Boussabaine, A.H. Eco-costing of construction waste. Management of Environmental Quality, 2006, 17(1): 6-9. 
9.  Vogtlander, J.G., Bijma, A., Brezet, H.C. Communicating the eco-efficiency of products and services by means of the eco-costs/value model. 
Journal of Cleaner Production, 2002, 10: 57-67. 
10.  Finnveden, G. Methodological aspects of life cycle assessment of integrated solid waste management system. Resources Conservation and 
Recycling, 1999, 26: 173-187. 
